This study was performed to characterize the epidemiological status of brucellosis in the State of Paraíba, Brazil. The State was divided into three regions. Herds were randomly sampled in each region and a pre-established number of animals were sampled in each of these herds. A total of 3,489 serum samples from 674 herds were collected. In each herd, an epidemiological questionnaire was conducted. This questionnaire focused on herd traits, as well as husbandry and sanitary practices that could be associated with the risk of infection. The serum samples were screened for antibodies against Brucella spp. by the Rose-Bengal Test (RBT), and all positive sera were confirmed by the 2-mercaptoethanol test (2-ME). The herd was considered positive if at least one animal had positive results for both the RBT and the 2-ME test. The prevalence rates of infected herds and animals in the State were 4.6% [3.2-6.5%] and 2.5% 
Introduction
The State of Paraíba is located in northeastern Brazil, occupying an area of approximately 56,500 km 2 . The area is divided geographically into four mesoregions (Agreste, Borborema, Mata Paraibana, and Sertão), 23 micro-regions, and 223 municipalities. The area contains 1,334,172 cattle, belonging to 65,805 farmers and distributed throughout 54,357 farms (GEDA, in October 2013, Agricultural Defense of Paraíba). In 2011, the production of milk in Paraíba was estimated to be the 8 th largest in the northeast, and the 19 th largest in the entire country (BRASIL, 2011) . In 2009, the productive chain of livestock and fisheries accounted for 2% of the gross domestic product of Paraíba (IDEME, 2011) .
Bovine brucellosis was present throughout the Brazilian territory (PAULIN; FERREIRA NETO, 2003) . However, the epidemiological situation of the disease was not well known in the country, and it was only with the implementation of the National Program for Control and Eradication of Brucellosis and Tuberculosis (PNCEBT) in 2001 (LAGE, 2006) that the Brazilian States started performing epidemiological surveys of bovine brucellosis in order to determine the prevalence of infected herds and positive animals, as well as to identify risk factors. To date, epidemiological studies have been conducted in 17 states, finding a prevalence of infected herds between 0.32% in Santa Catarina and 41.5% in Mato Grosso do Sul (ALMEIDA et al., 2016; ALVES et al., 2009 , AZEVEDO et al., 2009 BORBA et al., 2013; CHATE et al., 2009; DIAS et al., 2009a DIAS et al., , 2009b GONÇALVES et al., 2009a GONÇALVES et al., , 2009b KLEIN-GUNNEWIEK et al., 2009; MARVULO et al., 2009; NEGREIROS et al., 2009; OGATA et al., 2009; ROCHA et al., 2009; SIKUSAWA et al., 2009; SILVA et al., 2009; VILLAR et al., 2009 ).
The states of São Paulo, Minas Gerais, Espirito Santo, Rondônia, Mato Grosso, Mato Grosso do Sul, and Rio Grande do Sul conducted the second brucellosis prevalence study to verify the effectiveness of their immunization programs. However, only in Mato Grosso, Mato Grosso do Sul, Minas Gerais and Rondônia there was a decreased prevalence of infected herds (BARDDAL et al., 2016; DIAS et al., 2016; ANZAI et al., 2016; INLAMEA et al., 2016; LEAL FILHO et al., 2016; SILVA et al., 2016) . The state of Santa Catarina, which had the lowest prevalence of infected herds and animals, prohibited vaccination and began the implementation of eradication strategies, and had, additionally, conducted a second study, which did not indicate changes in prevalence (BAUMGARTEN et al., 2016) .
In the state of Paraíba, serological studies on the occurrence of bovine brucellosis were conducted (ALVES et al., 2003; LEITE et al., 2003; FIGUEIREDO et al., 2011; OLIVEIRA et al., 2013) . However, the sample designs employed were not adequate for the identification of the prevalence of infected herds and seropositive animals. Thus, this study aims to determine the prevalence of infected herds and seropositive animals, identify risk factors for bovine brucellosis in the State, and provide information for better implementation and management of the National Program for Control and Eradication of Brucellosis and Tuberculosis (PNCEBT).
Materials and Methods
The study was designed by experts from the Ministry of Agriculture, Livestock and Supply, from the University of São Paulo, the University of Brasilia, in collaboration with the Federal University of Campina Grande and Agricultural Defense of Paraíba. Fieldwork was carried out by technicians from Paraíba Agricultural Defense from September 2012 to January 2013.
To test for heterogeneity in the epidemiological parameter of bovine brucellosis, the state of Paraíba was divided into regions. For the conduction of field activities according to areas of expertise of these regional units, their mesoregions, as well as the operational, logistical, and financial capacities of the official veterinary service of the State were taken into account.
In each region, the prevalence of properties infected by bovine brucellosis and seropositive animals was estimated through a sample study carried out in two stages to detect brucellosis infected herds. In the first stage, a predetermined number of properties with reproductive activity were chosen at random (primary sampling units) and in the second, a predetermined number of cows aged 24 months or greater were chosen (secondary units sampling).
In farms with more than one flock, the herd of greater economic importance was chosen as the target of the study, in which the animals were subjected to the same type of management, i.e., under the same risk factors. The choice of the primary sampling unit was random, and was based upon the registration of farms with reproductively active cattle. The properties drawn and that, for various reasons, could not be visited, were replaced by another nearby property with the same production characteristics. The number of properties drawn by region was determined by the formula for simple random samples (THRUSFIELD, 2007) . The parameters adopted for the calculation were as follows: confidence level of 0.95, estimated prevalence of 0.25, and 0.05 error. The operational and financial capacity of the national veterinary service of the State was also taken into consideration for determining the sample size by region.
For secondary units, a minimum number of animals to be examined within each property was estimated to allow for its classification as a herd that was infected, or not, by brucellosis. Therefore, we used the concepts of sensitivity and specificity aggregates (DOHOO et al., 2003) . For the purposes of calculation, values of 95% and 99.5% were adopted for the sensitivity and specificity of the test protocols used, respectively (FLETCHER et al., 1998) , with 20% being selected for the estimated intra-herd prevalence. In this process, the Herdacc program version 3 was utilized, and the sample size was chosen, enabling sensitivity and specificity measurements of the herd greater than, or equal to, 90%. Thus, in properties with up to 99 females older than 24 months, 10 animals were samples, and in those with 100 or more females older than 24 months, 15 animals were sampled. The choice of females within the properties was casual systematic. Females that were in the peripartum period or were post-abortion, or about 15 days before and after delivery or abortion, were excluded from the selection.
The protocol for serodiagnosis consisted of screening with the buffered, acidified antigen test (Rose Bengal) followed by retesting of positive sera with 2-mercaptoethanol according to the recommendations by PNCEBT (LAGE, 2006) . The blood (10 ml) was collected by puncturing the jugular vein with a sterile, disposable needle in a previously identified vacuum tube. The sera were stored in plastic wells at -20 °C until testing. Serological tests were performed at the Communicable Disease Laboratory of the Health Center and Rural Technology of the Federal University of Campina Grande (LDT/ CSTR/ UFCG) in Patos, PB.
The property was considered positive when at least one positive animal was detected. The properties that showed animals with inconclusive serologic results with no positives were classified as suspected, and excluded from the analysis. The same protocol was applied to animals with inconclusive serological results.
The sample design allowed us to determine the prevalence of infected herds and adult females (≥24 months) that were seropositive for brucellosis in the State and regions. Calculations of apparent prevalence and confidence intervals were performed with the aid of the EpiInfo 6.04 program (DEAN et al., 1994) . The calculations for the prevalence of infected herds and animals in the State, and of the animal prevalence within the regions, were made using weighted values (DOHOO et al., 2003) .
The weight of each property in calculating the prevalence of infected herds in the state was given by In the above expression, the first term refers to the weight of each animal in the calculation of the prevalence of animals in the region.
In each sample property, in addition to collecting blood for serology, an epidemiological questionnaire was also conducted. This was intended to obtain information on the type of farming and management practices employed in order to allow for the study of risk factors associated with the presence of brucellosis.
The variables analyzed were: type of operation (or production system: meat, milk and mixed), type of creation (confined, semi-confined, extensive), type and number of milkings, use of artificial insemination, predominant races, number of cows older than 24 months, number of cattle on the property, the presence of other domestic species, the presence of wild animals, destination of placenta and of aborted fetuses, the purchase and sale of animals, vaccination against brucellosis, the slaughtering of animals on the property, rental of pastures, common pastures with other properties, flooded pastures, lambing paddock, veterinary care and the property type (Indian village, settlement, classic rural and urban periphery).
The variables were organized by increasing scale of risk. When necessary, these variables were re-categorized. The lower risk category was used as a basis for comparison with the other categories; quantitative variables were re-categorized into percentiles.
A first exploratory data analysis (univariate) for selection of those with p≤0.20 by Fisher's exact test, or χ 2 , was conducted and subsequently applied to logistic regression. The calculations were performed with SPSS version 9.0. 
Results
The state of Paraíba was divided into three regions (Figure 1 ). Table 1 shows the census data and sample studied in each region. The results of the prevalence of bovine brucellosis infected herds in the State of Paraíba and regions are shown in Table  2 . The prevalence of infected herds, by the farming type of the property, is shown in Table 3 , and the prevalence of animals in Table 4 . The state of Paraíba was divided into three regions (Figure 1) . Table 1 shows the census data and sample studied in each region. The results of the prevalence of bovine brucellosis infected herds in the State of Paraíba and regions are shown in Table 2 . The prevalence of infected herds, by the farming type of the property, is shown in Table 3 , and the prevalence of animals in Table 4 . In the analysis of risk factors, the variables most associated (p ≤ 0.20) with the brucellosis infection in the univariate analysis (Table 5) were as follows: region, number of milkings, predominant race, presence In the analysis of risk factors, the variables most associated (p ≤ 0.20) with the brucellosis infection in the univariate analysis (Table 5) were as follows: region, number of milkings, predominant race, presence of horses, the purchase of animals at auction, the sale of animals at auction, and type of property. In the final model of logistic regression, only Zebu, which was the predominant breed, was identified as a risk factor (odds ratio = 12.30; 95% CI = 1.32 to 114.64, p = 0.028). 
Discussion
The prevalence of herds infected with brucellosis in the state of Paraíba was 4.6% (95% CI = 3.2 to 6.5%), and the highest point value was observed in Region 3 (7.9%) ( Table 2) . Regarding the type of property usage (Table 3) , the highest prevalence of infected herds was found among cattle bred for their cuts in Region 3. However, there was no significant difference between the usage types. There was a large flow of animals entering the State to participate in a large weekly animal market in Region 3 (Agreste/Mata Paraibana), in the city of Campina Grande, which could account for this higher regional prevalence evident compared to other regions.
The prevalence of seropositive animals for bovine brucellosis in the State of Paraíba was 2.0% (from 1.1 to 3.9%) (Table 4) , which was higher than the 0.8% rate of seropositive animals quoted in the official survey conducted in 1975 (PAULIN; FERREIRA NETO, 2003) , and the frequencies listed by Leite et al. (2003) and Figueiredo et al. (2011) (0.34% and 0.36%, respectively) . This increase in the prevalence of seropositive animals for bovine brucellosis may be due to the absence of an effective program to control this disease in the state of Paraíba, in addition to the acquisition of cattle breeders from other regions of the country without conducting a precautionary brucellosis test. Moreover, the state of Paraiba implemented a bovine brucellosis vaccination program only in 2008 . However, vaccination coverage between 2008 and 2012 remained below 30% (FIGUEIREDO et al., 2011) . It should be noted that sampling of previous studies conducted in Paraíba was not planned following the mold of other PNCEBT studies (POESTER et al., 2009 ).
The final model of logistic regression indicated that Zebu was the predominant race at risk. Zebu are bred mainly for their cuts, and, in Paraíba, are concentrated mainly in Region 3 (mesoregions of Agreste and Mata Paraibana), the region with the highest prevalence of bovine brucellosis ( Table   2 ) and with a large influx of animals. Properties that bred cattle for their cuts exhibited a greater average flock size (17 animals) compared to milk and mixed-use properties (11 and 10 affected cattle, respectively). Properties with a great number of animals tended to introduce new animals more often, a practice that, without sanitary precautions, may predispose the introduction of brucellosis into the herd (NEGREIROS et al., 2009) . Thus, it is believed that the predominance of Zebu within a herd can act as an indirect indicator to the frequent, introductory flow of new animals, with this reason being the true risk factor for the introduction of bovine brucellosis into the herds of the State of Paraiba This notion was also reported by Villar et al. (2009) regarding the state of Rondônia.
Conclusions
Based on these results, it is recommended that efforts should be made to vaccinate a minimum of 80% of the calf population between three and eight months of age with the B19 sample , and vaccination of females aged 8 months and above with RB51 should be encouraged, if not previously vaccinated with B19 . Furthermore, serological tests for brucellosis in breeding cattle should be encouraged before introducing them into the properties.
